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lines. We also find that including band Ib measurements 
between 307 and 314 nm does not improve the retrievals 
probably because of inconsistent calibration with band la 
measurements. In addition, GOME slit function and 
wavelength shifts vary rapidly at the beginning of band 2b 
(312-327 nm), which makes it difficult to use them to 
improve the retrievals. The spatial resolution of retrievals is 
960 km x 80 km. 

Partial columns arc typically retrieved on an 11-layer 
Umkehr-like grid except in the troposphere, where retrieval 
grids an modified using tropopause pressure and surface 
pressun. Besides the O3 variables, the state vector includes 
an albedo parameter for band lb, three albedo parameters 
for band 2b to account for its wavelengthdependence, four 
cross section shift parameters for each band, four 
wavelength shift parameters for each band, scaling and shift 
parameters for minor species (e.g., NO2, SOz, BrO), two 
parameters for undersampling correction, one Ring scaling 
parameter for band 1 a, and three Ring scaling parameters for 
band 2b to account for multiple scattering, and three 
parameters to account for the degradation correction in band 
la. The degradation parameters are used only in band la 
because band la measurements are more severely degraded. 
The total O3 information from band 2b implicitly constrains 
the degradation comction in band la. 

We use LIDORT [ 161 to calculate radiances and weighting 
functions. The scalar radiances from LIDORT are corrected 
for neglecting polarization using a look up table. 

The retrievals are compared with correlative TOMS V8 and 
DobsonlBrewer total O3 measurements and ozonesonde 
observations. The equator crossing time difference between 
TOMS and GOME is approximately one hour. We use the 
gridded TOMS data (1.0" latitude x 1.25" longitude); all 
TOMS measurements (- 20 values) within a GOME 
footprint are averaged. The coincident criteria for Dobson 
/Brewer and ozonesonde measurements an 1.5" degree in 
latitude, 600 km in longitude, and 8 hours. Ozonesonde 
measurements during 1996-2000 at 11 stations are used in 
these studies (Table 1). Six stations also have total O3 
measurements from the Dobson or Brewer measurements. 

Tabk 1. List of oumesonde stations (abbreviation name). 
locations, the time period during which data are used, and the 
availability and type of total 0, (TOZ) measurrments. The 
measurements at Scombysund are obtained from Network for the 
Detection of Stratospheric Change (NDSC, 
httm'iwwu ndsc.ncen.noaa.zov). The measunments at Java BIC 

obtained from M. Fujiwa before 1998 and from Southern 
Hemisphere Additional Ozanesondes (SHADOZ) [I71 since 1998. 
Other data are obtained h m  World Ozone and Ultraviolet 

http://www.woudc.orglindex_e.html). 
Radiation Data Center gvovDc, 
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3. RESULTS AND DISCUSSION 
3.1. Comparisons with TOMS and DobsodBrewer Total O3 

Fig. I. Comparisons of 
integrated total 4 (purple) 
with TOMS (mi) and 
Dobson total 0 3  (green) at 
Hohenpeiscnbrrg. (a) Total 
03. (b)Diffacacebaween 
GOME and TOMS. (c) 
Difference between 
G O W O M S  and Dobson. 
The a priori 0 3  is elso 
shown as yellow in (a). 

Fig. la  shows the time series of integrated total O3 together 
with TOMS and Dobson total O3 at Hohenpeiwberg. 
Their differences are shown in Fig. l b  and Fig. IC. The 
time series of differences do not change with time, 
suggesting that band 2 measurements do not degrade much 
and the severe degradation in band l a  since 1998 [3] m 
well handled using the above-mentioned degradation 
correction scheme. We can see that our retrievals agree very 
well with both TOMS and Dobson total ozone with average 
biases less than 4 DU. Tabk 2 shows the biases, standard 
deviations, and correlation coefficients between our 
retrieved, TOMS, and DobsonlBrewer total 03. The biases 
are within 7 DU at all stations; the correlation coefficients 
are greater than 0.92 between GOME and TOMS and 
greater than 0.87 between GOME and DobsodBrewer. 
These biases are within the retrieval uncertainties of 
different retrievals and the spatiotemporal variability of total 
0,. Compared to the a priori, we can certainly see 
significant improvements, with smaller biases and much 
smaller standard deviations. The standard deviations are 
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also reported large biases between TOMS and SHADOZ 
integrated and evaluated total 03. Currently, our integrated 
total 0, columns agree very well with Dobson and TOMS 
total O3 columns. It is not clear whether these large biases 
result from retrieval mors or ozonesonde measurement 
errors. We notice that the biases for those layers at 
America Samoa and Hilo arc actually much smaller before 
early 1998, when sensor solution for measurements was 
switched h m  I% KI-buffered solution to 2% Kl 
unbuffered solution. 

3.3 Comparisons of tropospheric O3 with ozonesonde 

Fig. 4 Comparisons between GOME retrieved (purple circles) and 
ozonesonde (green triangles) tmpospberic O3 columns at (a) 
Hohenpei@nberg, (b) Hilo, (c) Java, (d) Ascension, and (e) 
American Samoa. The upriori are also shown as yellow. 

Flg. 4 compares the integrated tropospheric O3 column at 
five stations. We can see that our retrievals agree very well 
with omnesonde measurements. Most of the small-scale 
variabilities arc captured by our retrievals. For example, at 
Java, although the (I priori values arc usually around 30 DU, 
our retrievals successfully capture small values (-15 DU) as 
well as enhanced values (-50 DU) during the period of 
intense biomass burning resulting h m  1997-1998 El Nillo 
event. Tabk 3 summarizes the biases, standard deviations 
and comlation coefficients at all the stations. The average 
biases arc usually within 3 DU and the standard deviations 
arc within 9 DU except at Ny Alesunti, Scoresbysund, and 
Neumayer, where there arc large biases. The large biases at 
those stations may result fiom the incoma treatments of 
cloud and ice surface. T h m  is a large standard deviation at 
Ascension Island, which is because the South Atlantic 
Anomaly can largely affect the retrieval. 

Table 3. B k ,  standmi deviations and comlation coefficients 
bawem retrievedlu priori and ozmmmuk troporpheric 0,. The 
units for biases and standatd dcviatione arc DU. 
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The retrieval errors in tropospheric 0, due to random noise 
and smoothing are less than 3 DU for tropical regions and 
less than 5 DU for mid-latitude regions. The accuracy in 
ozonesonde measurements is 515% [18]. The natural 
tropospheric O3 variability is 20-30% at mid-latitudes [19]; 
the tropospheric 0, can change by a factor of 3 at most 
SHADOZ stations [20]. Considering the spatial and time 
domain difference and the spatiotemporal variability of 
tropospheric 03, we can say that our retrievals are very 
consistent with ozonesonde measurements within the 
mcasurement/retrieval uncertainties and spatiotemporal 
variability. 

3.4 Global distribution of tropospheric O3 

Fig. 5 (top) shows the global distribution of tropospheric 
Os during 2B4-26/1997. In the tropics, t h m  is low O3 
over the Pacific Ocean, where there are intense convection 
activities. Over North Africa (+E, low), a region with 
intense biomass burning during this period, there is 
enhanced tropospheric 0% which is not presented in most 
of the tropospheric 0 3  retrievals [21]. However, the 0 3  
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